INTRODUCTION
studies, and to our knowledge detailed studies on specific metabolism do no exist. In a study on cheese coryneforms in this laboratory, 93% of over 500 OCCs tested was found to utilize L-phenylalanine as sole carbon and energy source (J. Richard and J.-J. Gratadoux, personal communication). L-Tyrosine tested by us for a limited number of OCCs served also as the carbon, energy and nitrogen source.
The purpose of this study was to determine the enzymatic mechanism of two key steps (deamination and benzene ring cleavage) in the catabolism of the two amino acids in these bacteria. For comparative purpose, some non-pigmented (white) and yellow cheese isolates which utilized them only as nitrogen sources were also included.
Brevibacterium linens, including orange cheese coryneforms (OCCs), has been the subject of several taxonomic studies [3, 7, 8, 11, 19] . Contrarily to the earlier belief of some authors [3, 8] that B. linens should be transferred to the genus Arthrobacter, its distinct taxonomic entity has emerged from recent studies [9, 12, 14, 24] . However, our present knowledge on their metabolic activity comes entirely from the biochemical tests of taxonomic
MATERIALS AND METHODS

3.1.
Organisms and growth conditions 23 plates. Basal medium contained per liter: KH 2 PO 4, 0.24 g; K2HPO4, 1.7 g; CaCI 2, 25 mg; MgSO47H20, 0.2 g; FeSO4H20, 5 mg; NaCI, 10 g. Phenylalanine and tyrosine were added at 0.2% and 0.05%, respectively. When added, sodium DLlactate was at 16.6 g/1 of 60% syrup (Sigma), and ammonium sulphate at 0.2%. The media were adjusted to pH 7.5 before autoclaving for 20 min at 120°C. The vitamin stock solution of Bousfield [3] was added to sterile medium at 1% (v/v). Cultures were grown in 500 ml conical flasks containing 100 ml medium with shaking at 26°C. Cells (100 mg wet wt/ml), harvested during exponential phase growth and washed twice in 0.05 M potas-sium phosphate buffer, pH 7.5, were permeabilized with 0.05% Triton X-100 for 48 h at -20°C [17] . After thawing, the cells were utilized as enzyme sources for enzyme assays.
Enzyme assays
Aromatic amino acid aminotransferase activities were assayed according to [5] , except that phenylalanine or tyrosine was present at 10 mM and 1 mM, respectively. The following enzymes were assayed by the methods already reported: L-amino acid oxidase [25] (spectrophotometric method), L-phenylalanine ammonia lyase [21] , 2,5-dihydroxyphenylacetate(DHPA)-l,2-dioxygenase [23] and 3,4-DHPA-2,3-dioxygenase [23] . Non-pigmented (white) BE18BM BE45C  4  19  ND  --BE46C  3  10  ND  --BE47C  7  19  ND  -BE48C  11  23  ND  -BE51C  4  7 ND a Specific activity as nmol. min-1. (mg protein)-1 for L-phenylalanine: 2-oxoglutarate aminotransferase activity.
b ND, not determined. c No cell growth was observed in these media.
Other methods
Protein extraction from permeabilized cells was in hot 1.0 M NaOH for 5 min [10] and protein determination was as in [4] .
Thin-layer chromatography of 2,4-dinitrophenylhydrazone of phenylpyruvate was performed as described elsewhere [15] .
RESULTS
Three deaminating enzymes were tested and only aminotransferase activity was detected with all strains tested. The results for the enzyme activity of cells grown on different growth substrates are shown in Table 1 . With the exception of some extreme values, each pigmentation group showed relatively homogeneous activities for a given medium. Cells from basal medium containing lactate plus ammonium sulphate showed comparable activities for all strains. When ammonium sulphate was replaced by phenylalanine, OCCs showed increased activity level, suggesting induction of the aminotransferase(s), while no significant difference of activity in two media was observed with white and yellow strains. For most 203 OCCs, tyrosine was a less efficient inducer than phenylalanine in the presence of lactate. When the amino acids were the carbon, energy, and nitrogen sources, comparable activities to that obtained for lactate plus phenylalanine medium were observed.
Of the two dioxygenases known to be responsible for the aromatic ring cleavage in phenylalanine and tyrosine catabolism, OCCs contained only 3,4-DHPA-dioxygenase activity, whereas neither activity was detected for white and yellow strains (< 0.5 nmol. min -1 • mg protein-t). The results of the enzyme assay are shown in Table 2 for orange strains. Again, for a given medium homogeneous activities were obtained among different strains. Cells grown on phenylalanine as the carbon/energy and nitrogen source showed higher activity level than those grown on lactate plus phenylalanine or lactate plus ammonium sulphate, suggesting an inducible nature of the dioxygenase. With tyrosine, much more important increases in the activity level were observed both in the presence and in the absence of lactate: respectively 24and 42-fold increase in the average values of the specific activity.
When the culture supernatants of white and yellow strains grown up to stationary phase in lactate plus phenylalanine medium were analyzed by thin-layer chromatography, phenylpyruvate was detected as end product of metabolism.
DISCUSSION
Catabolism of phenylalanine and tyrosine in microorganisms usually proceeds through an initial deamination and the benzene ring cleavage of dihydric phenolic acids resulting from subsequent modification of the deaminated derivatives [2, 6, 13, 16, 22] . The aim of our study was to determine the enzymes responsible for the two key and not 2,5-DHPA as suggested for a Corynebacterium sp. [22] . The presence of benzene ring cleavage enzyme in OCCs is also in accordance with the previous results of radiorespirometric study on some of these strains which suggested that phenylalanine was catabolized beyond the stage of phenylacetic acid [15] . The degradation of tyrosine through 3,4-DHPA has been reported also in a Arthrobacter sp. [2] . However, Arthrobacter globiformis (NCIB8602), the type species of the genus, could not grow on any of the aromatic amino acids as the carbon and nitrogen sources [18] . In non-orange isolates, the accumulation of phenylpyruvate as end products and the absence of benzene ring cleavage enzymes make it more probable that all enzymes after the transamination step are absent altogether, rather than an enzyme lesion for the same steps in all 9 strains. Fig. 1 presents proposed catabolic pathways for phenylalanine and tyrosine in orange cheese coryneform bacteria (B. linens). Detailed study on these pathways is in progress.
